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1
HEARING AID

TECHNICAL FIELD

The present invention relates to a hearing aid that supports
auditory function by amplifying and outputting collected
sound.

BACKGROUND ART

There have been devised and embodied hearing aids that
moderate hearing impairment by amplifying and outputting
collected sound. In order to support user’s preferences and
use conditions, such hearing aids are various 1n forms, such as
a Behind-the-Ear (BTE) type and a Completely-in-Canal
(CIC) type, as disclosed, for example, 1n Japanese Patent
Application Laid-Open No. 7-162997. Any of these hearing,
aids are driven by an internal battery or arechargeable battery,
and therefore no longer work when supply of power 1s unex-
pectedly stopped depending on frequency or duration of use,
which 1s a nagging problem in these hearing aids.

These hearing aids driven by such an internal battery pre-
vent the unexpected stop of power supply by providing an
advance notice of battery replacement time or charging time.
Such battery replacement work or charging work 1s, however,
very troublesome for the hearing aids used on a daily basis.

The present invention has therefore been proposed 1n view
of the foregoing circumstance, and an object thereof 1s to
provide a hearing aid that reliably supplies power when used
without requiring troublesome work such as battery replace-
ment work and charging work.

DISCLOSURE OF THE INVENTION

The hearing aid of the present invention solves the afore-
mentioned problems because 1t comprises: a sound collecting,
unit that collects sound; an amplifier that amplifies the sound
collected by the sound collecting unit; an output unit that
outputs the sound amplified by the amplifier; a human-body
contact portion that comes into contact with a human body; an
ambient-air contact portion that comes into contact with
ambient air; a thermoelectric device that generates electro-
motive force by temperature difference between the human-
body contact portion and the ambient-air contact portion; a
booster that raises the electromotive force generated by the
thermoelectric device; and a controller that causes the sound
collecting unit, the amplifier, and the output unit to operate by
voltage raised by the booster.

The hearing aid of the present invention solves the afore-
mentioned problems because 1t further comprises a capacitor
that stores excess voltage of the electromotive force generated
by the thermoelectric device, which 1s not necessary to
amplify and output the collected sound, and because the
controller causes the sound collecting unit, the amplifier, and
the output unit to operate by the excess voltage stored 1n the
capacitor 1n response to a drop in the electromotive force
generated by the thermocelectric device.

Moreover, the hearing aid of the present invention solves
the alorementioned problems because the booster 1s formed
directly onto a three-dimensional circuit board.

Furthermore, the hearing aid of the present invention
solves the atforementioned problems because the capacitor 1s
tformed directly onto the three-dimensional circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an external appearance of a hearing aid
according to a first embodiment of the present invention.
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2

FIG. 2 shows a vertical section of the hearing aid.

FIG. 3 shows a configuration of the hearing aid.

FIG. 4 shows a vertical section of a hearing aid according,
to a second embodiment of the present invention.

FIG. 5 shows a configuration of the hearing aid.

FIG. 6 shows a vertical section of a hearing aid according,
to a third embodiment of the present invention.

FIG. 7 shows a configuration of the hearing aid.

FIG. 8 schematically shows a boosting transformer circuit
of the hearing aid.

FIG. 9 shows a vertical section of a hearing aid according,
to a fourth embodiment of the present invention.

FIG. 10 shows a configuration of the hearing aid.

BEST MODE FOR CARRYING OUT TH
INVENTION

L1

Referring to the drawings, embodiments of the present
invention will be described below.

First Embodiment

Referring first to FIG. 1, a hearing aid 1A according to a
first embodiment of the present invention will be explained.
As shown 1 FIG. 1(a), the hearing aid 1A includes a main
unmit 2 having incorporated therein a primary circuit of the
hearing aid 1A and being shaped to hang on an upper portion
of a user’s ear, a cable 3 extending from the main unit 2, and
an earphone 4 being connected electrically with the cable 3
and amplitying and outputting sound collected by the main
unit 2. The hearing aid 1A 1s used with the main unit 2 hung
on the upper portion of the user’s ear and with the earphone 4
inserted into an ear hole of the ear, as shown 1n FI1G. 1(5).

Referring next to a vertical section of FIG. 1(a) shown 1n
FIG. 2 and a block diagram shown 1n FIG. 3, a configuration
of the hearing aid 1A will be explained.

As shown 1n FIG. 2, the main unit 2 of the hearing aid 1A
includes: a three-dimensional circuit board 10 provided with
sound collecting units 11 and 12, a voltage divider circuit 13,
a booster circuit 14, and a control IC (Integrated Circuit) 15;
a Peltier module 20 that generates thermoelectric force; a
thermal conductive carbon-fiber sheet 16 connected via ther-
mal conductive grease 18 to a low temperature side of the
Peltier module 20 so as to adhere closely thereto; and a
thermal conductive carbon-fiber sheet 17 connected via ther-
mal conductive grease 19 to a high temperature side of the
Peltier module 20 so as to adhere closely thereto.

The three-dimensional circuit board 10, which 1s a board
for implementing high-density mounting of electronic com-
ponents, can easily secure a limited mounting space of the
hearing aid 1A.

The sound collecting units 11 and 12 collect external
sound, and are, so-called microphones. On the three-dimen-
sional circuit board 10, the sound collecting unit 11 1s placed
at a desired position where sound coming from ahead and
above can be collected, and the sound collecting unit 12 1s
placed at a desired position where sound coming from behind
can be collected, when the main unit 2 1s hung on a user’s ear.
As shown in FIG. 3, the sound collected by the sound collect-
ing units 11 and 12 1s converted 1nto electric signals and then
output to the control IC 15.

The Peltier module 20 1s an thermoelectric device for con-
verting thermal energy directly 1nto electric energy by utiliz-
ing thermoelectric generation determined by temperature dii-
terences and physical properties of substances based on the
Seebeck eflect. For example, the Peltier module 20 includes
twelve p-type Peltier devices and twelve n-type Peltier
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devices each 01 0.45x0.5 mm size, which are formed out of Bi1
(Bismuth)-Te (Tellurium)-based materials on a 4 mmx4 mm
aluminum nitride substrate, and 1n an example shown in FIG.
2, s1x pieces of the Peltier modules 20 are connected in series
to ensure suilicient electromotive force.

It should be noted that, when Seebeck coeflficients of each
p-type Peltier device and each n-type Peltier device 1s 205
uV/K and -200 uV/K, respectively, a temperature difference
of about 2° C. between ambient air and a human body 1s
enough to power each circuit component of the hearing aid
1A.

The voltage divider circuit 13 1s an IC that divides the
clectromotive force generated by the Peltier module 20 (down
to, e.g., about 0.03V), outputs the resultant voltage to the
booster circuit 14, and controls discharge of excess voltage
remaining aiter the voltage dividing.

The booster circuit 14 raises the electromotive force gen-
crated by the Peltier module 20 and then divided by the
voltage divider circuit 13. For example, the booster circuit 14
multiplies the divided voltage value o1 0.03V output from the
voltage divider circuit 13 by 30 (1.5V), and supplies the
obtained voltage to each circuit mounted on the three-dimen-
sional circuit board 10 as operating power. The voltage
obtained by the booster circuit 14 1s supplied also to a speaker
da provided 1n the earphone 4 via the cable 3 as operating
power.

The control IC 15 controls the entire hearing aid 1A as a
whole. For example, the control IC 15 executes tone controls
such as noise removal and amplification of the electric signals
output from the sound collecting units 11 and 12.

For a housing for the main unit 2, a carbon fiber-filled LCP
(Liquid Crystal Polyester) package 2A 1s used for a portion
coming into contact with the ambient air when the hearing aid
1A 1s hung on the user’s ear for use, and also a carbon
fiber-filled LCP package 2B 1s used for a portion coming into
contact with the human body. A carbon fiber-filled LCP pack-

age 2C 1s also used for another portion of the housing for the
main unit 2 so that electrical insulation 1s obtained between

the carbon fiber-filled LCP packages 2A and 2B. A thickness
of the housing for the main unit 2 1s about 0.5 mm. The carbon
fiber-filled LCP packages 2A and 2B each contain 30% of
carbon fiber.

As shown 1n FIG. 2, the thermal conductive carbon-fiber
sheet 16, which 1s connected via the thermal conductive
grease 18 to the low temperature side (upper surface) of the
Peltier module 20 so as to adhere closely thereto, 1s led to be
in contact with the carbon fiber-filled LCP package 2A that
partially forms the housing for the main unit 2 of the hearing
aid 1A. This reliably transmits an ambient temperature from
the carbon fiber-filled LCP package 2 A that 1s in contact with
the ambient air, to the low temperature side of the Peltier
module 20.

The thermal conductive carbon-fiber sheet 17, which 1s
connected via the thermal conductive grease 19 to the high
temperature side (lower surtace) of the Peltier module 20 so
as to adhere closely thereto, 1s led to be in contact with the
carbon fiber-filled LCP package 2B that partially forms the
housing for the main unit 2 of the hearing aid 1A. Thisreliably
transmits a user’s body temperature from the carbon fiber-
filled LCP package 2B that 1s in contact with the human body,
to the high temperature side of the Peltier module 20.

It should be noted that instead of the thermal conductive
grease 18 and 19, sheets having high thermal conductivity
such as thermal conductive sheets can be used.

Advantages of the First Embodiment

As described above, the hearing aid 1A according to the
first embodiment of the present invention transmits the ambi-
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ent temperature to the low temperature side of the Peltier
module 20 via the carbon fiber-filled LCP package 2A that
partially forms the housing for the main unit 2, the thermal
conductive carbon-fiber sheet 16, and the thermal conductive
grease 18, and further transmits the user’s body temperature
to the high temperature side of the Peltier module 20 via the
carbon fiber-filled LCP package 2B that partially forms the
housing for the main unit 2, the thermal conductive carbon-
fiber sheet 17, and the thermal conductive grease 19.

As a result, the Peltier module 20 generates the electromo-
tive force derived from the temperature difference between
the ambient air and the human body by the Seebeck efiect,
and a portion of the generated electromotive force 1s then
raised to a desired voltage by the booster circuit 14, so that
each circuit on the three-dimensional circuit board 10, which
1s essential to operate the hearing aid 1A, and the speaker 4a
in the earphone 4 can be reliably powered without requiring
troublesome works such as battery replacement and charging.

Second Embodiment

Referring next to FIGS. 4 and 5, a hearing aid 1B according
to a second embodiment of the present invention will be
explained. An appearance of the hearing aid 1B 1s absolutely
the same as that of the hearing aid 1A shown 1n FIGS. 1(a) and
1(b), so explanations thereot will be omitted. Also, as shown
in FI1G. 4, only a capacitor 21 1s added to the components of
the hearing aid 1A according to the first embodiment, so like
reference numerals refer to like parts and explanations thereof
will also be omatted.

In the aforementioned hearing aid 1A according to the first
embodiment of the present invention, the voltage divider
circuit 13 outputs only arequired voltage to the booster circuit
14, while 1n the hearing aid 1B, the capacitor 21 stores excess
voltage. In the case that the electromotive force voltage
obtained from the Peltier module 20 drops (e.g., below
0.03V) to cause msuificient supply of power even when raised
by the booster circuit 14, the voltage divider circuit 13 reads
the voltage stored 1n the capacitor 21 as a deficit of voltage,
and then outputs the read voltage to the booster circuit 14.

According to the hearing aid 1B 1n the second embodiment,
when the Seebeck coellicients of each p-type Peltier device
and each n-type Peltier device 1s 205 uV/K and -200 uV/K,
respectively, a temperature difference of about 2° C. between
the ambient air and the human body 1s enough to power each
circuit component of the hearing aid 1A, as 1n the case of the
hearing aid 1A described earlier. Furthermore, after the hear-
ing aid 1B has been used for 3 hours under a condition of a
temperature difference of 3° C. between the ambient air and
the human body thereby to store the excess voltage in the
capacitor 21, the hearing aid 1B can operate for about 1 hour
under an environment of a temperature difference of only 1°
C. between the ambient air and the human body.

Advantages of the Second Embodiment

As described above, the hearing aid 1B according to the
second embodiment of the present mmvention causes the
capacitor 21 to store the excess voltage of the electromotive
force generated by the Peltier module 20 since the excess
voltage 1s not supplied to the booster circuit 14.

Accordingly, when suificient voltage cannot be supplied to
the booster circuit 14 due to a drop 1n the electromotive force
generated by the Peltier module 20, the voltage stored 1n the
capacitor 21 1s utilized for more stable power supply.

Third Embodiment

Referring next to FIGS. 6 and 7, a hearing aid 1C according,
to a third embodiment of the present invention will be
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explained. An appearance of the hearing aid 1C 1s absolutely
the same as that of the hearing aid 1A shown in FIGS. 1(a) and
1(b), so explanations thereof will be omitted. Also, as shown
in FIG. 6, only a boosting transformer circuit 22 1s added
instead of the booster circuit 14 of the hearing aid 1A accord-
ing to the first embodiment, so like reference numerals refer
to like parts and explanations thereot will also be omitted.

The voltage divider circuit 13 1s an IC that divides the
clectromotive force generated by the Peltier module 20 (down
to, e.g., about 0.035V), outputs the obtained voltage to the
boosting transformer circuit 22, and controls discharge of the
excess voltage remaiming after the voltage dividing.

As shown 1n FIG. 6, the boosting transformer circuit 22 1s
colled around the three-dimensional circuit board 10, and
raises the electromotive force generated by the Peltier module
20 and then divided by the voltage divider circuit 13. FIG. 8
schematically shows the boosting transformer circuit 22. As
shown 1n FIG. 8, the boosting transformer circuit 22 1s com-
posed of three stages, at each of which voltage boost to 3.5
times higher 1s achieved. For example, the boosting trans-
former circuit 22 multiplies the divided voltage value of
0.035V output from the voltage divider circuit 13 by 3.5x3.5x
3.5 times (about 1.5V), and supplies the obtained voltage to
cach circuit mounted on the three-dimensional circuit board
10 as operating power. The voltage obtained by the boosting
transformer circuit 22 1s supplied also to the speaker 4a pro-
vided 1n the earphone 4 via the cable 3 as operating power.

According to the hearing aid 1C 1n the third embodiment of
the present invention, when the Seebeck coetficients of each
p-type Peltier device and each n-type Peltier device 1s 205
uV/K and -200 uV/K, respectively, a temperature difference
of about 2.5° C. between the ambient air and the human body
1s enough to power each circuit component of the hearing aid
1C, as 1n the case of the hearing aid 1A described earlier.

Advantages of the Third Embodiment

As described above, the Peltier module 20 of the hearing
aild 1C according to the third embodiment of the present
invention generates the electromotive force derived from the
temperature difference between the ambient air and the
human body by the Seebeck effect, and a portion of the
generated electromotive force 1s then raised to a desired volt-
age by the boosting transformer circuit 22, so that each circuit
on the three-dimensional circuit board 10, which is essential
to operate the hearing aid 1C, and the speaker 4a in the
carphone 4 can be reliably powered without requiring
troublesome works such as battery replacement and charging.

Furthermore, since the boosting transformer circuit 22 1s
incorporated into the three-dimensional circuit board 10, the
limited mounting space in the main unit 2 can be effectively
used, so that the hearing aid 1C can be downsized.

Fourth Embodiment

Referring further to FIGS. 9 and 10, a hearing aid 1D

according to a fourth embodiment of the present invention
will be explained. An appearance of the hearing aid 1D 1s
absolutely the same as that of the hearing aid 1A shown 1n
FIGS. 1(a) and 1(d), so explanations thereof will be omitted.
Also, as shown 1n FIG. 9, only a capacitor circuit 23 1s added
to the components of the hearing aid 1C according to the third
embodiment, so like reference numerals refer to like parts and
explanations thereof will also be omatted.

In the atorementioned hearing aid 1C according to the third
embodiment of the present invention, the voltage divider
circuit 13 outputs only a required voltage to the boosting
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transformer circuit 22, while 1n the hearing aid 1D, the capaci-
tor circuit 23 stores the excess voltage.

-

T'he capacitor circuit 23 1s composed of electrode films 23a
and 235, and a dielectric film 23¢ held therebetween. Specifi-
cally, the electrode film 23a having a predetermined area 1s
formed 1n place by copper-plating on the three-dimensional
circuit substrate 10, and on this electrode film 234, the dielec-
tric film 23c¢ 1s screen-printed and solidified. Subsequently, a
circuit 1s laid out by wiring on the three-dimensional circuit
board 10, followed by the formation of the electrode film 235
by copper-plating on the dielectric film 23, thereby to com-
plete the capacitor circuit 23 on the three-dimensional circuit
board 10.

In the case that the electromotive force voltage obtained
from the Peltier module 20 drops (e.g., below 0.035V) to
cause 1nsuilicient supply of power even when raised by the
boosting transformer circuit 22, the voltage divider circuit 13
reads the voltage stored 1n the capacitor circuit 23 as a deficit
of voltage, and then outputs the read voltage to the boosting
transformer circuit 22.

According to the hearing aid 1D 1n the fourth embodiment
of the present invention, when the Seebeck coelficients of
cach p-type Peltier device and each n-type Peltier device 1s
205 uV/K and =200 uV/K, respectively, a temperature differ-
ence of about 2.5° C. between the ambient air and the human
body 1s enough to power each circuit component of the hear-
ing aid 1D, as in the case of the hearing aid 1C described
carlier. Furthermore, after the hearing aid 1D has been used
for 3 hours under a condition of atemperature difference o1 3°
C. between the ambient air and the human body thereby to
store the excess voltage 1n the capacitor circuit 23, the hearing,
aid 1D can operate for about 2 hour under an environment of
a temperature difference of only 2° C. between the ambient
air and the human body.

Advantages of the Fourth Embodiment

As described above, the hearing aid 1D according to the
fourth embodiment of the present invention causes the
capacitor circuit 23 to store the excess voltage of the electro-
motive force generated by the Peltier module 20 since the
excess voltage 1s not supplied to the boosting transformer
circuit 22.

Accordingly, when suificient voltage cannot be supplied to
the boosting transtormer circuit 22 due to a drop 1n the elec-
tromotive force generated by the Peltier module 20, the volt-
age stored 1n the capacitor circuit 23 1s utilized for more stable
power supply.

Furthermore, because so-called thin-film technology 1s
used to form the capacitor circuit 23 on the three-dimensional
circuit board 10, the limited mounting space in the main unit
2 can be effectively utilized, so that the hearing aid 1D can be
downsized.

It should be understood that the foregoing embodiments
are examples of the present invention. Therefore, the present
invention 1s not limited thereto, and various changes and
modifications i design may be made within other embodi-
ments without departing from the technical spirit of the
present 1nvention.

INDUSTRIAL APPLICABILITY

According to the present invention, when a hearing aid 1s
used, the supply of power i1s ensured without requiring
troublesome works such as battery replacement and charging.

Furthermore, according to the present invention, when sui-
ficient voltage cannot be supplied to a booster due to a drop 1n
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clectromotive force generated by a thermoelectric device,
voltage stored 1n a capacitor 1s utilized for more stable power
supply.

Moreover, according to the present invention, the booster 1s
formed and incorporated directly to a three-dimensional cir-
cuit board, so that a limited mounting space of the hearing aid
can be effectively utilized, and hence the hearing aid can be
downsized.

Furthermore, according to the present invention, the
capacitor 1s formed directly onto the three-dimensional cir-
cuit board, the limited mounting space of the hearing aid can
be eflectively utilized, and hence the hearing aid can be
downsized.

The mvention claimed 1s:

1. A hearing aid comprising:

a sound collecting unit that collects sound;

an amplifier that amplifies the sound collected by the sound
collecting unit;

an output umt that outputs the sound amplified by the
amplifier;

a human-body contact portion that comes into contact with
a human body when the hearing aid 1s hung on an ear to
be used:

an ambient-air contact portion that comes 1nto contact with
ambient air when the hearing aid 1s hung on an ear to be
used;

a thermocelectric device that generates electromotive force
by temperature difference between the human-body
contact portion and the ambient-air contact portion;

a booster that boosts the electromotive force generated by
the thermoelectric device;

a controller that causes the sound collecting unit, the ampli-
fier, and the output unit to operate by voltage boosted by
the booster;
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a first thermal conductive sheet that conducts temperature
of the human-body contact portion that comes into con-
tact with human-body to high temperature side of the
thermoelectric device; and

a second thermal conductive sheet that conducts tempera-
ture of the ambient-air contact portion that comes nto
contact with ambient air to low temperature side of the
thermoelectric device.

2. The hearing aid according to claim 1, further compris-

ng:

a capacitor that stores excess voltage of the electromotive
force generated by the thermoelectric device, which 1s
not necessary to amplily and output the collected sound;
wherein

the controller causes the sound collecting unit, the ampli-

fier, and the output unit to operate by the excess voltage
stored 1n the capacitor 1n response to a drop in the elec-
tromotive force generated by the thermoelectric device.

3. The hearing aid according to claim 1, wherein the
booster 1s formed directly on a three-dimensional circuit

| board.

4. The hearing aid according to claim 2, wherein the
capacitor 1s formed directly on the three-dimensional circuit
board.

5. The hearing aid according to claim 2, wherein the
booster 1s formed directly on a three-dimensional circuit
board.

6. The hearing aid according to claim 3, wherein the
capacitor 1s formed directly on the three-dimensional circuit
board.

7. The hearing aid according to claim 3, wherein the

capacitor 1s formed directly on the three-dimensional circuit
board.
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